Human papillomomaviruses (HPVs) constitute a group of more than 100 different genotypes associated with benign and malignant neoplasms of skin and mucous membranes (5, 34) . Approximately 40 different HPV genotypes have been detected in the anogenital mucosa (34) . On the basis of their epidemiological association with the development of cervical carcinoma, a group of so-called high-risk HPV genotypes has been defined. These include HPV genotype 16 (HPV-16), HPV-18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and -68 (3, 8, 17, 34) . Other genotypes, such as HPV-6, -11, -42, -43, and -44, are classified as low-risk types (22) .
Detection of high-risk HPV infections might identify women who are at increased risk of development or progression of a cervical lesion (7, 9, 26) , and vice versa, negative tests have a very high negative predictive value for the development of a cervical lesion (4, 27) . The diversity of the HPV spectrum and the high incidence of multiple infections make it necessary to establish reliable methods for the identification of the various HPV genotypes, not only for epidemiologic studies but also for patient management. Future applications of such HPV detection methods may include the selection and monitoring of women in studies of antiviral treatment or type-specific vaccines.
A number of PCR-based assays for the identification of the various HPV genotypes have been described. Type-specific PCR primer sets allow the identification of individual genotypes (1, 32) . However, they require the performance of multiple parallel amplifications from each sample and have only been described for a limited number of HPV genotypes. Alternatively, PCR assays utilizing consensus or general primers, e.g., GP5ϩ-GP6ϩ, MY09-MY11, PGMY, and SPF10, allow the amplification of a broad spectrum of HPV genotypes in a single reaction (10, 12, 20, 23) . The use of MY09-MY11 and either GP5-GP6 or GP5ϩ-GP6ϩ primers in a nested PCR assay has been shown to increase the overall sensitivity compared to that of each primer pair alone (11, 15) . General primer-mediated amplification products can be analyzed by various methods, e.g., direct sequencing, restriction fragment length polymorphism analysis, and hybridization with typespecific probes (5, 13, 14, 17, 29) . Recently, two independent reverse hybridization assays were introduced, allowing the detection and typing of all known mucosal HPV genotypes, including multiple infections (13, 19) . These two methods utilize highly conserved regions of the viral L1 major capsid gene as the target for their primers. Targeting the E6/E7 region, Sasagawa et al. recently described an LCR-E7 PCR test utilizing consensus primers for the detection and restriction fragment length polymorphism analysis for the genotyping of 34 different HPVs (29) .
We report a novel PCR assay with the viral E6/E7 oncogenes as the primer target region. In this assay, consensus primers for first-round amplification of a broad spectrum of mucosal HPV genotypes, including all high-risk HPV genotypes, were combined with type-specific primers for nested PCR amplifications. In order to reduce the number of nested PCRs these primers were used in multiplex primer cocktails (Sotlar et al., 17th Int. Papillomavirus Conf. 1999, abstr. Dia 31, p. 292). This strategy allows (i) HPV genotyping based on PCR product size, (ii) extension of the assay with multiplex primer cocktails for additional HPV genotypes, and (iii) direct detection of the viral oncogenes.
The sensitivity of this novel GP-E6/E7 nested multiplex PCR (NMPCR) assay was analyzed and compared with single and nested PCR assays using MY09-MY11 and GP5ϩ-GP6ϩ primer sets. The clinical performance of the new assay was tested by investigating the cervical scrapes of 1,699 women. Morphological and molecular biological findings were associated in 459 cases with corresponding cytologic and histologic diagnoses. HPV  genotype  Position  of 5Јend  GP-E6-3F  GP-E6-5B  GP-E6-6B  Position  of 3Ј end   Consensus  GGG WGK KAC TGA AAT CGG T  CTG AGC TGT CAR NTA ATT GCT CA  TCC TCT GAG TYG YCT AAT TGC TC  6  2 7  A----------------------------T-C----------607  11  27  A----------------------------TT C----------607  16 27 Ϫ17 g or approximately 10 ag per plasmid molecule. To determine the sensitivities of the PCR assays investigated, 10-fold dilutions of all HPV DNAcontaining plasmids were made. The dilution series (10 dilution steps) started with 10 ng (10 9 viral target copies) and ended with 10 ag (1 viral target copy). E6/E7 consensus PCR primers. The E6/E7 genomic sequences were obtained from GenBank. Alignment of these sequences identified relatively well-conserved regions from nucleotides 28 to 46 and from nucleotides 636 to 658 according to the HPV-16 sequence (GenBank accession number K02718). The appropriate E7 region for HPV-18-related genotypes was located from nucleotides 674 to 696 (GenBank accession number X05015). Based on these sequence alignments a single consensus forward primer (GP-E6-3F) and two consensus back primers (GP-E7-5B and GP-E7-6B) were synthesized. The sequences of these primers, designated GP-E6/E7, and their alignments with the corresponding regions in the E6 and E7 open reading frames of 38 of the most prevalent HPV genotypes are listed in Table 1 .
The assay was designed to allow specific detection of a broad spectrum of HPV genotypes, including all high-risk types (Fig. 1) . To increase the sensitivity, a nested PCR-based format was chosen. First-round PCR with GP-E6/E7 consensus primers should facilitate initial amplification of the genomic DNA of all known mucosal HPV genotypes and provide enough material to be reamplified in numerous nested PCRs with type-specific primers.
Type-specific nested multiplex primers. Nested amplification of the GP-E6/E7 PCR products with type-specific primers was chosen to achieve exact typing of the HPV infections. These primers were again selected from sequence alignments of the E6/E7 genes, now aimed to indicate sequence variations even between closely related genotypes. To reduce the number of nested PCRs necessary to discriminate among a broad spectrum of different HPV genotypes, nested primers were arranged in multiplex PCR primer cocktails. Primers for the identification of high-risk genotypes 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, 66, and 68 and low-risk genotypes 6/11, 42, 43, and 44 were synthesized. The primers were used in four cocktails, each containing four to five different primer pairs (Fig. 1) . The identification of each HPV type present was achieved by determining the size of the nested PCR amplification product by gel electrophoresis. Table 2 gives the sequences of the 18 type-specific primers used in the study. For HPV-6 and -11 only one specific primer pair was designed because of their high sequence homologies and their biological similarity.
PCR procedures. HPV detection with primers MY09-MY11 was performed as described by the authors elsewhere (13, 14, 23) , except for one minor modification (indicated parenthetically below). In brief, PCRs were performed in a final volume of 50 l. Each PCR mixture contained 50 mM KCl, 10 mM Tris-HCl (pH 8.5), 6 mM MgCl 2 , a 200 M concentration of each deoxynucleoside triphosphate (dNTP), 5 U (instead of 7 to 10 U) of AmpliTaq Gold DNA polymerase (PE Applied Biosystems, Weiterstadt, Germany), 50 pmol of primers MY09 and MY11, 5 pmol of primer HMBB01 (5Ј-GCG ACC CAA TGC AAA TTG GT-3Ј), and 5 pmol of primers PC04 (5Ј-GAA GAG CCA AGG ACA GGT AC-3Ј) and GH20 (5Ј-CAA CTT CAT CCA CGT TCA CC-3Ј) for the simultaneous amplification of a 248-bp product of the human beta-globin housekeeping gene (28) . Amplifications were performed with the following cycling profile: AmpliTaq Gold activation was performed by incubation at 94 C for 10 min followed by 40 cycles of 1-min denaturation at 94°C, 1-min annealing at 55°C, and 1-min elongation at 72°C. The last cycle was followed by a final extension step of 7 min at 72°C (instead of 5 min).
PCRs with primers GP5ϩ-GP6ϩ were performed as described in the original publication with two minor modifications which are indicated parenthetically below (10) . In brief, PCRs were carried out in a final volume of 50 l containing 50 mM KCl, 10 mM Tris-HCl (pH 8.5), 3.5 mM MgCl 2 , a 200 M concentration of each dNTP, 5 U (instead of 1 U conventional AmpliTaq) of AmpliTaq Gold DNA polymerase (PE Applied Biosystems), and 50 pmol of primers GP5ϩ (5Ј-TTT GTT ACT GTG GTA GAT ACT AC-3Ј) and GP6ϩ (5Ј-GAA AAA TAA ACT GTA AAT CAT ATT C-3Ј). The cycling conditions were as follows: a 10-min activation step for the AmpliTaq Gold polymerase was followed by 40 cycles of 1-min denaturation at 94°C, 2-min annealing at 40°C, and 1.5-min elongation at 72°C. The last cycle was followed by a final 7-min extension step at 72°C (instead of 4 min).
To increase the sensitivity of HPV detection, nested PCRs were performed using MY09-MY11 as outer and GP5ϩ-GP6ϩ as inner primers. Two microliters of the MY09-MY11 PCR product was used as template for the nested PCR amplification with GP5ϩ-GP6ϩ primers. This nested PCR assay was designated MY/GP.
The conditions for PCRs with E6 consensus primers were 94°C for 1 min, 40°C for 1 min, and 72°C for 2 min for a total of 40 amplification cycles. The first cycle was preceded by a 4-min denaturation step at 94°C. The last cycle was followed by an additional 10-min elongation step at 72°C. NMPCRs with type-specific primers were performed under the following conditions: 35 cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 45 s. The first cycle was preceded by a 4-min denaturation step and the last cycle was followed by a 4-min elongation step (Sotlar et al., 17th Int. Papillomavirus Conf. 1999).
All PCRs were performed in a final volume of 50 l containing 50 mM KCl, 10 mM Tris-HCl pH 8.3, a 200 M concentration of each dNTP, 1.5 mM MgCl 2 , 1 U of thermostable DNA polymerase (AmpliTaq DNA polymerase; PerkinElmer Cetus), and 15 pmol of each primer. Two microliters of the PCR product served as template for the nested PCRs. Ten microliters of the amplification products were analyzed by electrophoresis on 2% agarose gels and ethidium bromide staining. With clinical samples, 100 fg of HPV-16, -33, -35, and -68 DNA-containing plasmids were used as positive controls.
Sequencing of PCR products. PCR products were excised from 2% Trisacetate-EDTA (TAE) agarose gels and purified with a gel extraction kit (QIA-GEN) according to the manufacturer's instructions. PCR products were sequenced by the dye-deoxy terminator method on a 377 ABI Prism Sequencer (PE Applied Biosystems) using 5 pmol of either forward or back primers.
Statistical analysis. The "gold standard" was taken to be represented by the combination of all four tests applied in the study, i.e., MY09-MY11, GP5ϩ-GP6ϩ, MY/GP nested PCR, and NMPCR. HPV prevalences and the sensitivities, together with the 95% confidence intervals (CI), of the four methods were estimated separately for subjects without dyplasia (cervical intraepithelial neoplasia score of 0 [CIN 0]), subjects with mild dysplasia (CIN I), subjects with moderate dysplasia (CIN II), and subjects with severe dysplasia (CIN III). The McNemar test was used to compare the sensitivities of the four methods. The kappa statistic was calculated to adjust for chance agreement between the four HPV detection methods. The calculations were performed by the statistical software package JMP version 5.0.1.2. , and 68-was tested on HPV DNA-containing plasmids of these genotypes (100 pg of plasmid DNA, 10 7 viral copies). Successful amplification was achieved with all available plasmids, except the one containing HPV-51 DNA. For this genotype a patient sample known to contain HPV-51 DNA was used to demonstrate successful amplification of HPV-51 DNA with GP-E6/E7 primers. The length of the amplicons generated by amplification with GP-E6/E7 consensus primers ranged from 602 bp (HPV-6 and -11) to 666 bp (HPV-39) due to sequence variations of the viral genomic DNA (Fig. 2) . According to the sequence alignments shown in Table 1 , viral DNA of many other additional HPV genotypes should be amplifiable as well.
RESULTS

E6/E7 consensus primers.
Specificity of nested PCR primers. The ability of all typespecific nested PCR primers to amplify genomic DNA from the corresponding HPV genotype was analyzed by utilizing 100 pg (10 7 viral copies) of HPV DNA-containing plasmids. Amplification of viral DNA from the relevant single plasmid [ Fig.  3 , lanes (ϩ)] as well as from a plasmid cocktail containing DNA of all HPV genotypes addressed in the study (Fig. 3 , lanes ؉) generated sharp bands of the expected length for each single primer pair. Direct sequencing of amplification products generated from the plasmid cocktails demonstrated the genotype specificity of each single primer pair for the relevant HPV genotype.
HPV DNA-containing plasmids were again used to investigate the specificity of all the nested PCR primers used. This time, for each nested PCR primer pair to be analyzed, a plasmid cocktail containing all (100 pg each; 10 7 viral copies) but the relevant HPV DNA was produced. Amplification of these plasmid cocktails did not generate any PCR product for any type-specific primer pair used in the study (Fig. 3, lanes Ϫ) .
To facilitate the application of these type-specific nested PCR primers in a multiplex PCR assay, they were selected to amplify products of markedly different sizes. In total, four primer cocktails, each containing four to five type-specific primers, were used. The length of their amplification products ranged from 457 bp (HPV-16) down to 151 bp (HPV-45), thus allowing easy discrimination and identification of the underlying HPV type by simple gel electrophoresis (see Fig. 5 , lanes on the right). This is demonstrated for NMPCR cocktails I to IV, containing primers specific for HPV-16, -18, -31, -59, and -45 (cocktail I); HPV-33, -6/11, -58, -52, and -56 (cocktail II); HPV-35, -42, -43, and -44 (cocktail III); and HPV-68, -39, -51, and -66 (cocktail IV). The amplification products varied in size by steps of about 50 to 60 bp ( Fig. 1 ; also see Fig. 5 ).
Sensitivity of the E6/E7 NMPCR assay.
To determine the sensitivity of the novel NMPCR, 10-fold dilutions of all plasmids containing the genomic DNA of the HPV genotypes addressed in the study were tested. The dilution series started with 10 ng (10 9 viral target copies) and ended with 10 ag (1 viral target copy; 10 dilution steps). The sensitivity of the assay was compared with that of a nested PCR assay using MY09-MY11 and GP5ϩ-GP6ϩ primers (MY/GP). The two assays showed equal sensitivity for HPV-16, -18, -33, -43, and -59 (100 to 1 fg; 10 4 to 10 2 viral copies). The MY/GP nested PCR assay was about 10 times more sensitive for HPV-6 and -45 (1 fg; 10 2 viral copies). For all other HPV genotypes the NMPCR assay was 10 to 100 times more sensitive (1 fg; 10 2 viral copies). Plasmid DNA of HPV-51 could not be amplified with the NMPCR assay. Equally, plasmid DNA of HPV-68 could not be amplified with the MY/GP assay. These failures are most probably due to the fact that the relevant primer target regions were not present in their entirety in the plasmid amplified. The sensitivities indicated above were those that could reproducibly be achieved. The results for HPV-6, -35, -52, and -66 are shown in Fig. 4 .
Evaluation of the novel E6/E7 NMPCR assay with clinical samples. The clinical performance of the novel NMPCR assay was tested by the investigation of 864 cervical scrapes from women for whom histologic diagnoses were available. No histologic signs of cervical dysplasia (CIN 0) were found in 402 women, 199 had mild dysplasia (CIN I), 119 had moderate dysplasia (CIN II), and 144 had severe dysplasia (CIN III). HPV infection was detected in 63.7% of the women (550 of 864), being due to a single genotype in 54.9% of them (302 of 550) and multiple genotypes in 45.1% of them (248 of 550). Two, three, four, and five different genotypes were detected in 27.8% (153 of 550), 12.0% (66 of 550), 4.4% (24 of 550), and 0.9% (5 of 550) of the HPV-infected women, respectively. All 18 different HPV genotypes investigated were specifically detected by NMPCR in multiple subjects. Table 3 shows the absolute frequencies of these 18 HPVs according to the histologic diagnosis. HPV-16 was detected in 41.5% of HPV-positive subjects (228 of 550) and was by far the most widespread genotype. The highest relative frequency of HPV-16 was found in the presence of severe dysplasia, being almost 65% (93 of 144) in such subjects. By contrast, it was detected in only 15% (88 of 601) of women with mild (n ϭ 199) or no dysplasia (n ϭ 402).
DNA extracted from the cervical scrapes of these 864 women was also investigated by conventional PCR with MY09-MY11 primers, conventional PCR with GP5ϩ-GP6ϩ primers, and a nested PCR assay using MY09-MY11 as outer and GP5ϩ-GP6ϩ as inner primers (MY/GP). By these four methods HPV DNA was detected in 49.7% (429 of 864; MY09-MY11), 49.9% (431 of 864; GP5ϩ-GP6ϩ), 62.6% (541 of 864; MY/GP), and 63.7% (550 of 864; NMPCR) of subjects. A comparison of PCR data with the morphological findings for each of the four methods demonstrated an increase in apparent prevalence of HPV infection with the grade of the cervical lesions. The two nested PCR assays (MY/GP and NMPCR) gave almost equal values for prevalence rates in the four morphological subgroups (CIN 0, CIN I, CIN II, and CIN III) and, as expected, much higher prevalence rates than detected by the two single-round PCR assays (MY09-MY11 and GP5ϩ-GP6ϩ). The results are given in detail in Table 4 . With regard to analytical sensitivity, the gold standard (as defined in Materials and Methods) was represented by the combination of the four PCR assays. Table 4 gives the results of the sensitivities (relative to the gold standard) of the four methods. The sensitivity of the NMPCR assay was significantly higher than that of the MY09-MY11 and GP5ϩ-GP6ϩ assays for all four . By contrast, no significant difference in sensitivity between MY/GP and NMPCR was observed for these groups. Since the sensitivities of each method differ significantly among the four morphological subgroups it is not appropriate to combine the estimates for these four groups. The values obtained for HPV prevalence and the sensitivities of the four methods, together with their 95% CI, for each of the four morphological subgroups are listed in Table 5 . The extent of agreement between the four diagnostic tests and the corresponding kappa values are shown in Table 6 . Of 69 samples with discordant results between the MY/GP and NMPCR assays, 39 were positive by the NMPCR assay only and 30 were positive by the MY/GP assay only. Interestingly, only 10 of these women had moderate or severe dysplasia. Thus, the concordance of the two assays in patients with so-called highgrade dysplastic lesions is 96% (253 of 263), with a kappa value of 0.81 (standard error, 0.11). Direct sequencing of NMPCRnegative and MY/GP-positive samples revealed HPV-11, -74, and -84 (one sample); HPV-54, -67, and -70 (two samples); HPV-61 (three samples); HPV-53 and -73 (four samples); and HPV-62 (five samples). In five cases sequencing results were inconclusive because of multiple infections. Apart from these five cases, the NMPCR assay missed only 1 HPV (HPV-11)-positive sample targeted by its specific nested PCR primers. The 39 NMPCR-positive and MY/GP-negative samples comprised 34 samples with single infections with HPV-6/11 (n ϭ 3), -16 (n ϭ 7), -18 (n ϭ 2), -33 (n ϭ 1), -35 (n ϭ 2), -39 (n ϭ 1), -42 (n ϭ 4), -43 (n ϭ 2), -44 (n ϭ 1), -51 (n ϭ 2), -52 (n ϭ 3), -56 (n ϭ 2), -58 (n ϭ 1), -59 (n ϭ 1), and -66 (n ϭ 2). The remaining five samples showed evidence of double and triple infections involving HPV-6/11, -16, -31, -42, -56, -59, and -68. (Table 4 ). Figure 5 shows the results of HPV detection and typing by the novel NMPCR assay in 13 samples investigated in the study. Only samples with multiple HPV genotypes were chosen. Not only the specific detection of the different HPV genotypes (Fig. 5,  right) , but also the ability of the assay to detect infections with FIG. 4 . Sensitivity of MY09-MY11 and GP5ϩ-GP6ϩ nested PCR (MY/GP) and NMPCR. A 10-fold dilution series of HPV DNA-containing plasmids of genotypes 6, 35, 52, and 66 was amplified by both methods. Lanes 1 to 7 represent PCR products of 10 pg to 10 ag (10 6 to 1 viral copy). MY09-MY11 and GP5ϩ-GP6ϩ nested PCR is 10 times more sensitive for HPV-6, while the NMPCR method is 10 times more sensitive for HPV-35 and HPV-66 and nearly 100 times more sensitive for HPV-52. M, length marker ⌽X 174 phage DNA, digested by HaeIII. (Fig. 5, lanes 2 and 4 to 12) .
DISCUSSION
Today, the diagnosis of HPV infections is based on the detection of viral DNA. Highly conserved regions in different parts of the viral genome have enabled the development of general or consensus PCR primer sets, such as MY09-MY11, PGMY09-MY11, GP5ϩ-GP6ϩ, SPF10, and LCR-E7 (12, 16, 20, 29) , which allow the detection of a broad spectrum of different HPV genotypes. However, differences in malignant potential mean that it is particularly important to accurately identify infections with the high-risk HPV genotypes. After amplification with general or consensus primers, additional techniques are necessary to identify the underlying HPV genotype. These include restriction enzyme digestion (6, 29) , dot blot or Southern blot hybridization (25) , direct sequencing (30) , and analysis by enzyme immunoassays (17) or line probe assays (13) .
We have developed a novel fully PCR-based approach for the sensitive and type-specific detection of HPV infections based on the amplification of the viral E6/E7 oncogenes (Sotlar et al., 17th Int. Papillomavirus Conf. 1999). Degenerate PCR primers hybridizing to short consensus regions within the E6 and E7 oncogenes were demonstrated to amplify the DNA of all high-risk and some of the most prevalent low-risk HPV genotypes. In addition, sequence alignments with the corresponding E6/E7 regions of a broad spectrum of other (lowrisk) mucosal HPV genotypes indicates that the E6/E7 consensus primers would also be able to amplify DNA of these types with comparable efficiency. A similar approach has recently been described by Sasagawa and colleagues (29) . Their LCR-E7 primers are located in consensus regions close to those targeted by the GP-E6/E7 primers used in our study. To allow exact genotyping, not only in single, but also in multiple HPV infections, a total of 18 pairs of type-specific internal nested PCR primers were used in multiplex cocktails. This approach reduced the number of nested PCRs necessary for the amplification of the 18 different genotypes addressed in the study down to four. Gel electrophoresis and ethidium bromide staining then allowed specific identification of the HPV type or types present in a sample by simple determination of the amplicon length.
The sensitivity of the novel NMPCR assay was determined by amplification of HPV DNA-containing plasmid dilutions. The NMPCR assay was found to be about as sensitive as nested PCR with MY09-MY11 and GP5ϩ-GP6ϩ primers and much more sensitive than conventional PCR with either of these two primer sets.
The exact identification of each single HPV type may be necessary, for example, in the follow-up of HPV-infected women or in detailed epidemiological studies. Each nested PCR primer pair in our assay was successfully tested on two HPV multiplasmid cocktails. The cocktail with plasmids corresponding to all 18 HPV genotypes investigated could specifically be amplified with each primer pair. By contrast, not a single (unspecific) amplification product resulted when the HPV plasmid belonging to the primer tested was absent from the cocktail.
Because of limited concordance between the histologic and cytologic findings, which is a well-known phenomenon (18, 21) but was not the topic of this study, we confined the evaluation of the clinical value of the NMPCR assay to the investigation of cervical scrapes from women in whom cervical biopsies had also been performed and histologic diagnoses (considered the gold standard) were available (n ϭ 864). In these subjects the NMPCR assay had a significantly (P Ͻ 0.0002) higher sensitivity in both women with and those without cervical dysplasia compared to single PCRs with MY09-MY11 or GP5ϩ-GP6ϩ primers. When the latter primers were applied in a nested PCR assay (MY/GP), the sensitivity was very similar to that of the NMPCR assay. In cases with high-grade cervical dysplasia (CIN II and III), the MY/GP and NMPCR assays showed sensitivities and a concordance rate of about 98% percent each. With regard to the clinical sensitivity of the MY09-MY11 and GP5ϩ-GP6ϩ assays, it has to be stated that the results obtained in this study may not reflect their performance in previously published studies in which hybridization steps were applied rather than, as in this study, simple gel analysis, which is known to be less sensitive. Nevertheless, the HPV prevalence rates detected in the various disease categories with the NMPCR assay (by gel analysis) are close to the values obtained by the SPF10 line probe assay method (19) and are considerably higher than HPV detection rates reported in other studies (2, 16, 30) . All 18 HPV genotypes addressed in the present study were detected in multiple samples among the cervical scrapes investigated. As in other studies, HPV-16 was by far the most prevalent genotype in all of the morphological subgroups. The highest relative frequency of HPV-16 was found in the presence of severe dysplasia. The relative frequency of other HPV genotypes is more difficult to compare between studies because the primer sets used usually have differing sensitivities for the various HPV genotypes (24) . The ratio of high-to low-risk HPV genotypes detected by the NMPCR assay increased as a function of morphological abnormality. Of women without morphological evidence of dysplasia, 83.3% were infected with high-risk HPV genotypes while 16.7% exhibited low-risk types only (ratio, 5 to 1). In women with cervical dysplasia the ratio increased to 18 to 1 (94.9% high-risk HPV genotypes). Although not reaching the compelling ratio of 32.2 to 1 (97.0% high-risk HPV genotypes) reported by Kleter et al. (20) , these figures confirm the ability of the NMPCR assay to detect those HPV genotypes characteristically associated with cervical dysplasia and carcinoma.
Despite the fact that besides all 14 known high-risk HPV genotypes, the NMPCR assay in its current form is able to detect only five low-risk HPVs, the rate of multiple infections detected by the NMPCR assay was higher than that reported by other groups (12, 19, 33) . However, as in other studies, the highest prevalence of multiple HPV genotypes was detected in women with mild dysplasia (54.5%).
In conclusion, we report the development of a novel, fully PCR-based assay that combines the advantages of consensus and type-specific primers for the sensitive detection and specific identification of 18 different HPV genotypes, including all high-risk genotypes. The spectrum of this assay may easily be extended by addition of new multiplex primer cocktails for supplementary HPV genotypes. By utilizing the E6 and E7 regions as primer binding sites, the presence of the viral oncogenes is also documented. In addition, many primers employed in this assay can also be used for the amplification of oncogene transcripts by reverse transcription-PCR, thus possibly detecting an additional risk factor for the development or progression of a cervical lesion (31) . With regard to sensitivity and performance with clinical samples, the novel NMPCR assay is a potentially useful tool for HPV DNA detection in 
